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(57) ABSTRACT

The communication system includes: first terminal devices
connected to a transmission path and having terminal infor-
mation; a second terminal device connected to the path and
sending an information request requesting the information
from the first terminal device; a first superimposing apparatus
interposed between the first terminal device and the path; and
a second superimposing apparatus interposed between the
second terminal device and the path and receiving the request
from the second terminal device. The first superimposing
apparatus acquires the information from the connected first
terminal device at predetermined timings and stores it. Upon
receiving the request, the second superimposing apparatus
sends the request to the first superimposing apparatus using a
superimposed signal superimposed on a transmission signal
transmitted via the path. Upon receiving the request, the first
superimposing apparatus sends the information to the second
superimposing apparatus using the superimposed signal.
Upon receiving the information, the second superimposing
apparatus provides the information to the second terminal
device.
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1
COMMUNICATION SYSTEM AND
SUPERIMPOSING APPARATUS

TECHNICAL FIELD

The present invention relates to communication systems
and superimposing apparatuses, and particularly to a commu-
nication system and a superimposing system which share a
transmission path with a system using communication based
on a first protocol using a transmission signal transmitted
repeatedly, and in which terminal devices send and receive
terminal information by use of communication based on a
second protocol transmitting a superimposed signal superim-
posed on the transmission signal in a superimposable period.

BACKGROUND ART

In the past, a communication system in which a transmis-
sion unit (master) and communication devices (slaves) are
connected to a transmission path and the respective commu-
nication devices communicate with the transmission unit has
become popular. As an instance of such a communication
system, there has been proposed a system in which the trans-
mission unit periodically monitors states of the respective
communication devices and. In this system, upon acknowl-
edging a change in a state of one communication device, the
transmission unit sends a signal to another communication
device to perform a processing corresponding to the change in
the state (see e.g., JP 1180690 B, JP 1195362 B, and JP
1144477 B).

However, in the communication with the above configura-
tion, the communication devices consistently communicate
with each other through the transmission unit, and the trans-
mission unit polls the communication devices. Thus, a com-
munication speed is relatively low. For example, this commu-
nication system is unsuitable for transmitting information
with a relatively large data amount such as an analog quantity.
Moreover, as for the aforementioned communication system,
when the transmission unit malfunctions, the whole system
halts. Hence, the communication system has low system reli-
ability.

Consequently, there has been proposed a communication
system designed as a mixture of an existing communication
system designed to allow communication devices to commu-
nicate with each other through a transmission unit and a
communication system designed to allow communication
devices to directly communicate with each other via peer-to-
peer (P2P) (see JP 2009-225328 A). In this communication
system, a transmission path is shared by a first communica-
tion device (first communication terminal) communicating
with the transmission unit (master) and second communica-
tion devices (second communication terminals) directly com-
municating with each other. Thus, the second communication
device can be easily added on the existing communication
system.

The first communication device performs first protocol
communication using a transmission signal (first protocol
signal) which is repeatedly sent from the transmission unit,
and the second communication device performs second pro-
tocol communication using a superimposed signal (second
protocol signal) which is superimposed on the transmission
signal. The superimposed signal is superimposed in a prede-
termined superimposable period included in the transmission
signal.

This kind of communication system is exemplified by a
system including terminal devices connected to the transmis-
sion path via the second communication devices (see FIG. 1).
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2

This communication system has two kinds of terminal
devices including an upper terminal device 5 and lower ter-
minal devices 61, 62, and 63. In this communication system,
a transmission unit 1 is connected to a transmission path 2.
The upper terminal device 5 is connected to the transmission
path 2 via an upper superimposing apparatus 3 serving as a
second communication device. The lower terminal devices
61, 62, and 63 are connected to the transmission path 2 via
lower superimposing apparatuses 41, 42, and 43, respec-
tively. The upper terminal device 5 is also connected to the
transmission path 2 via another route without passing through
the upper superimposing apparatus 3. In the following, when
a distinction between the lower superimposing apparatuses
41,42, and 43 is deemed unnecessary, each of these is referred
to as the lower superimposing apparatus 4. Further, when a
distinction between the lower terminal devices 61, 62, and 63
is deemed unnecessary, each of these is referred to as the
lower terminal device 6.

In the aforementioned communication system, terminal
information is transferred between the upper terminal device
5 and the lower terminal device 6 through the second protocol
communication established between the upper superimpos-
ing apparatus 3 and the lower superimposing apparatus 4.
This terminal information is power consumption of an elec-
tric appliance measured by the lower terminal device 6, for
example. Specifically, when the terminal information is trans-
ferred to the upper terminal device 5 from the lower terminal
device 6, the lower superimposing apparatus 4 converts the
terminal information outputted from the lower terminal
device 6 into the superimposed signal and sends the resultant
superimposed signal to the transmission path 2, and then the
upper superimposing apparatus 3 converts the superimposed
signal received from the transmission path 2 into the terminal
information and outputs the resultant terminal information to
the upper terminal device 5.

According to the communication system using the first
protocol communication and the second protocol communi-
cation, it is also possible to increase the number of the lower
terminal devices 6 by means of adding the lower superimpos-
ing apparatus 4.

However, in the aforementioned system, the communica-
tion between the upper superimposing apparatus 3 and the
lower superimposing apparatus 4 is serial communication
using the superimposed signal. When the upper terminal
device 5 collects the terminal information from a plurality of
the lower terminal devices 6, a time lag of the terminal infor-
mation is likely to occur between the terminal information of
the respective terminal devices.

In more detail, the upper terminal device 5 acquires the
terminal information from a plurality of the lower terminal
devices 6 one by one. However, the communication between
the upper superimposing apparatus 3 and the lower superim-
posing apparatus 4 is established only in the predetermined
superimposable period of the transmission signal. Hence,
time necessary to acquire the terminal information per one
terminal device is relatively long. Consequently, a timing at
which the upper terminal device 5 acquires the terminal infor-
mation is greatly varied for each of the lower terminal devices
61, 62, and 63. Even when the upper terminal device 5 intends
to acquire the terminal information relating to certain time, a
relatively large time lag is likely to occur between the termi-
nal information acquired from one lower terminal device 61
and time of the terminal information acquired from another
lower terminal device 63.

SUMMARY OF INVENTION

Inview of the above insufficiency, the present invention has
aimed to propose a communication system and a superimpos-
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ing apparatus which are capable of reducing a time lag which
occurs between the terminal information of the respective
terminal devices due to variations in timings of acquisition of
the terminal information.

The first aspect of the communication system in accor-
dance with the present invention includes a plurality of first
terminal devices, a second terminal device, a first superim-
posing apparatus, and a second superimposing apparatus.
Each of the first terminal devices is connected to a transmis-
sion path and has predetermined terminal information. The
second terminal device is connected to the transmission path
and is configured to send an information request for request-
ing the first terminal device to provide the terminal informa-
tion thereof. The first superimposing apparatus is interposed
between the first terminal device and the transmission path.
The second superimposing apparatus is interposed between
the second terminal device and the transmission path and is
configured to receive the information request from the second
terminal device. The first superimposing apparatus includes a
terminal connection unit, a communication unit, an informa-
tion acquisition unit, and a buffer unit. The terminal connec-
tion unit is used for making connection with the first terminal
device. The communication unit is connected to the transmis-
sion path and is configured to communicate with the second
superimposing apparatus in an available period in which the
transmission path is available. The information acquisition
unit is configured to acquire the terminal information from
the first terminal device connected to the terminal connection
unit at a predetermined timing. The buffer unit is configured
to store therein the terminal information acquired by the
information acquisition unit. The second superimposing
apparatus is configured to, upon receiving the information
request from the second terminal device, send the information
request to the first superimposing apparatus in the available
period. The information acquisition unit is configured to,
upon receiving the information request from the second
superimposing apparatus via the communication unit,
retrieve the terminal information from the buffer unit and
send the retrieved terminal information to the second super-
imposing apparatus via the communication unit. The second
superimposing apparatus is configured to, upon receiving the
terminal information, provide the received terminal informa-
tion to the second terminal device.

As for the second aspect of the communication system in
accordance with the present invention, in addition to the first
aspect, the predetermined timing is determined by a trigger
received by the communication unit via the transmission
path.

As for the third aspect of the communication system in
accordance with the present invention, in addition to the
second aspect, the trigger is the information request.

As for the fourth aspect of the communication system in
accordance with the present invention, in addition to the third
aspect, the communication system further includes a plurality
of the first superimposing apparatuses. The information
request includes destination information indicative of the first
terminal device which the second terminal device requests to
provide the terminal information. The information acquisi-
tion unit is configured to perform a destination judgment
process, an acquisition judgment process, a first reply pro-
cess, a second reply process, and a third reply process. The
information acquisition unit is configured to, upon receiving
the information request from the second superimposing appa-
ratus via the communication unit, perform the destination
judgment process. The information acquisition unit is config-
ured to, in the destination judgment process, judge whether or
not the first terminal device indicated by the destination infor-
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mation is identical to the first terminal device connected to the
terminal connection unit. The information acquisition unit is
configured to, upon concluding that the first terminal device
indicated by the destination information is identical to the
first terminal device connected to the terminal connection unit
through the destination judgment process, perform the acqui-
sition judgment process, and to, upon concluding that the first
terminal device indicated by the destination information is
not identical to the first terminal device connected to the
terminal connection unit through the destination judgment
process, perform the first reply process. The information
acquisition unit is configured to, in the first reply process,
acquire the terminal information from the first terminal
device connected to the terminal connection unit. The infor-
mation acquisition unit is configured to, in the acquisition
judgment process, judge whether or not the terminal infor-
mation ofthe first terminal device indicated by the destination
information is stored in the buffer unit. The information
acquisition unit is configured to, upon concluding that the
terminal information of the first terminal device indicated by
the destination information is stored in the buffer unit through
the acquisition judgment process, perform the second reply
process, and to, upon concluding that the terminal informa-
tion of the first terminal device indicated by the destination
information is not stored in the buffer unit through the acqui-
sition judgment process, perform the third reply process. The
information acquisition unit is configured to, in the second
reply process, retrieve the terminal information of the first
terminal device indicated by the destination information from
the buffer unit and send the retrieved terminal information to
the second superimposing apparatus via the communication
unit. The information acquisition unit is configured to, in the
third reply process, acquire the terminal information from the
first terminal device connected to the terminal connection
unit, and send the acquired terminal information to the second
superimposing apparatus via the communication unit.

As for the fifth aspect of the communication system in
accordance with the present invention, in addition to the
fourth aspect, the second terminal device is configured to
perform a collection process of sending in turn the informa-
tion request to the first terminal devices. The information
request sent in the collection process includes identification
information commonly assigned. The information acquisi-
tion unit is configured to perform a reception judgment pro-
cess of judging whether or not the information acquisition
unit has already received the information request including
the identification information identical to the identification
information included in the currently received information
request. The information acquisition unit is configured to,
upon concluding that the information acquisition unit has
already received the information request including the same
identification information as the currently received informa-
tion request through the reception judgment process, not per-
form the first reply process. The information acquisition unit
is configured to, upon concluding that the information acqui-
sition unit has not yet received the information request includ-
ing the same identification information as the currently
received information request through the reception judgment
process, perform the first reply process.

As for the sixth aspect of the communication system in
accordance with the present invention, in addition to any one
of the first to fifth aspects, the terminal connection unit is
connected to a plurality of the first terminal devices. The
information acquisition unit is configured to acquire the ter-
minal information from the respective first terminal devices
connected to the terminal connection unit at the predeter-
mined timing.
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As for the seventh aspect of the communication system in
accordance with the present invention, in addition to the sixth
aspect, the information request includes destination informa-
tion indicative of the first terminal device which the second
terminal device requests to provide the terminal information.
The information acquisition unit is configured to, upon
receiving the information request from the second superim-
posing device via the communication unit, retrieve the termi-
nal information of the respective first terminal devices from
the buffer unit and send the retrieved terminal information to
the second superimposing device via the communication unit.
The second superimposing device is configured to, upon
receiving the terminal information from the first superimpos-
ing device, store the received terminal information therein
and select the terminal information corresponding to the first
terminal device indicated by the destination information
included in the information request from the stored terminal
information, and send the selected terminal information to the
second terminal device.

As for the eighth aspect of the communication system in
accordance with the present invention, in addition to any one
of'the first to seventh aspects, the transmission path is used for
transmission of a transmission signal based on a communi-
cation protocol different from a communication protocol
between the first superimposing apparatus and the second
superimposing apparatus. The available period is defined as a
period in which a superimposed signal is allowed to be super-
imposed on the transmission signal. The communication unit
is configured to communicate with the second superimposing
apparatus by use of the superimposed signal. The second
superimposing apparatus is configured to send the informa-
tion request to the first superimposing apparatus using the
superimposing signal.

The superimposing apparatus in accordance with the
present invention includes a terminal connection unit, a com-
munication unit, an information acquisition unit, and a buffer
unit. The terminal connection unit is used for making con-
nection with a terminal device having predetermined terminal
information. The communication unit is connected to a trans-
mission path and is configured to make communication in an
available period in which the transmission path is available.
The information acquisition unit is configured to acquire the
terminal information from the terminal device connected to
the terminal connection unit at a predetermined timing. The
buffer unit is configured to store therein the terminal infor-
mation acquired by the information acquisition unit. The
information acquisition unit is configured to, upon receiving
an information request for requesting the terminal device to
provide the terminal information thereof via the communica-
tion unit, retrieve the terminal information from the buffer
unit and send the retrieved terminal information to the trans-
mission path via the communication unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating the communica-
tion system of the first embodiment,

FIG. 2 is a block diagram illustrating the lower superim-
posing apparatus of the communication system of the first
embodiment,

FIG. 3 is a block diagram illustrating the upper superim-
posing apparatus of the communication system of the first
embodiment,

FIG. 4 is a waveform chart illustrating a transmission sig-
nal transmitted via the transmission path used by the commu-
nication system of the first embodiment,
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6

FIG. 5 is a flowchart illustrating the operation of the com-
munication system of the first embodiment,

FIG. 6 is a flowchart illustrating the operation of the modi-
fication of the communication system of the first embodi-
ment,

FIG. 7 is a schematic diagram illustrating the communica-
tion system of the second embodiment,

FIG. 8 is a block diagram illustrating the upper superim-
posing apparatus of the communication system of the second
embodiment,

FIG. 9 is a flowchart illustrating the operation of the com-
munication system of the second embodiment, and

FIG. 10 is a sequence chart illustrating the operation of the
communication system of the second embodiment.

DESCRIPTION OF EMBODIMENTS
First Embodiment

As shown in FIG. 1, the communication system of the
present embodiment is a communication system including a
transmission unit 1 connected to a transmission path 2 con-
stituted by two wires.

This communication system includes two kinds ofterminal
devices including an upper terminal device (second terminal
device) 5 connected to the transmission path 2 via an upper
superimposing apparatus (second superimposing apparatus)
3 acting as a second communication device, and lower termi-
nal devices (first terminal devices) 61, 62, and 63 connected to
the transmission path 2 via respective lower superimposing
apparatuses (first superimposing apparatuses) 41, 42, and 43.
The upper terminal device 5 is also connected to the trans-
mission path 2 via a route not passing through the upper
superimposing apparatus 3. In this communication system,
communication is performed by use of a transmission signal
outputted to the transmission path 2 from the transmission
unit 1 and a superimposed signal superimposed on the trans-
mission signal. The superimposed signal is a signal having a
frequency higher than that of the transmission signal. Inter-
posed between the transmission unit 1 and the transmission
path 2 is an impedance matching module 7 acting as a high
impedance element for the superimposed signal.

In the following explanations, when a distinction between
the lower superimposing apparatuses 41, 42, and 43 is
deemed unnecessary, each of these is referred to as the lower
superimposing apparatus 4. Further, when a distinction
between the lower terminal devices 61, 62, and 63 respec-
tively connected to the lower superimposing apparatuses 41,
42, and 43 is deemed unnecessary, each of these is referred to
as the lower terminal device 6. Note that, FIG. 1 shows an
instance where the three lower superimposing apparatuses 4
are connected to the transmission path 2, but this instance is
not intended to restrict the number of the lower superimpos-
ing apparatuses 4 connectable to the transmission path 2.

As shown in FIG. 1, the communication system of the
present embodiment includes a plurality of the lower terminal
devices (first terminal devices) 6, the upper terminal device
(second terminal device) 5, the lower superimposing appara-
tus (first superimposing apparatus) 4, and the upper superim-
posing apparatus (second superimposing apparatus) 3. Each
of the lower terminal devices (first terminal devices) 6 is
connected to the transmission path 2 and has predetermined
terminal information. The upper terminal device (second ter-
minal device) 5 is connected to the transmission path 2 and is
configured to send an information request for requesting the
lower terminal device 6 to provide the information from
thereof. The lower superimposing apparatus (first superim-
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posing apparatus) 4 is interposed between the lower terminal
device 6 and the transmission path 2. The upper superimpos-
ing apparatus (second superimposing apparatus) 3 is inter-
posed between the upper terminal device 5 and the transmis-
sion path 2 and is configured to receive the information
request from the upper terminal device 5.

In the present embodiment, the upper terminal device (sec-
ond terminal device) 5 is configured to perform a collection
process of sending in turn the information request to the lower
terminal devices (first terminal devices) 6. The information
request sent in the collection process includes identification
information commonly assigned. Further, the information
request includes destination information indicative of the
lower terminal device (first terminal device) 6 which the
upper terminal device (second terminal device) 5 requests to
provide the terminal information.

The upper superimposing apparatus (second superimpos-
ing apparatus) 3 is configured to, upon receiving the informa-
tion request from the upper terminal device (second terminal
device) 5, send the information request to the lower superim-
posing apparatus (first superimposing apparatus) 4 by use of
the superimposing signal. The upper superimposing appara-
tus (second superimposing apparatus) 3 is configured to, upon
receiving the terminal information, provide the received ter-
minal information to the upper terminal device (second ter-
minal device) 5.

As shown in FIG. 2, the lower superimposing apparatus
(first superimposing apparatus) 4 includes a terminal connec-
tion unit (first terminal connection unit) 401, an information
acquisition unit 402, a communication unit (first communi-
cation unit) 403, and a buffer unit 407.

The first terminal connection unit 401 is used for making
connection with the lower terminal device (first terminal
device) 6. In the present embodiment, the first terminal con-
nection units 401 of the lower superimposing apparatuses 41,
42, and 43 are connected to the lower terminal devices 61, 62,
and 63, respectively.

The first communication unit 403 is connected to the trans-
mission path 2 and is configured to communicate with the
upper superimposing apparatus (second superimposing appa-
ratus) 5 in an available period in which the transmission path
2 is available. In the present embodiment, the transmission
path 2 is used for transmission of a transmission signal (see
FIG. 4) based on a communication protocol (first protocol)
different from a communication protocol (second protocol)
between the lower superimposing apparatus 4 and the upper
superimposing apparatus 3. The available period is defined as
a period (superimposable period) in which a superimposed
signal is allowed to be superimposed on the transmission
signal. In the present embodiment, the communication unit
(first communication unit) 403 of the lower superimposing
apparatus 4 is configured to communicate with the upper
superimposing apparatus 3 by use of the superimposed signal.

The information acquisition unit 402 is configured to
acquire the terminal information from the lower terminal
device (first terminal device) 6 connected to the terminal
connection unit 401 at a predetermined timing. In the present
embodiment, the information acquisition units 402 of the
lower superimposing apparatuses 41, 42, and 43 acquire the
terminal information from the lower terminal devices 61, 62,
and 63, respectively.

The buffer unit 407 is configured to store therein the ter-
minal information acquired by the information acquisition
unit 402. In the present embodiment, the buffer units 407 of
the lower superimposing apparatuses 41, 42, and 43 store
therein the terminal information of the lower terminal devices
61, 62, and 63, respectively.
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Further, the information acquisition unit 402 is configured
to, upon receiving the information request from the upper
superimposing apparatus 3 via the first communication unit
403, retrieve the terminal information from the buffer unit
407 and send the retrieved terminal information to the upper
superimposing apparatus 3 via the first communication unit
403.

The communication system of the present embodiment is
explained in detail below.

There is a plurality of communication devices (not shown)
connected to the transmission path 2. The communication
devices communicate with each other by use of the transmis-
sion signal transmitted repeatedly by the transmission unit 1.
These communication devices are connected in parallel to the
transmission unit 1 through the transmission path 2, and make
communication based on the first protocol through the trans-
mission unit 1 by use of the transmission signal. The trans-
mission unit 1 and the communication devices constitute a
time-division multiplex communication system (hereinafter
referred to as “base system™) in which data transmission from
the transmission unit 1 to the communication device and data
transmission from the communication device to the transmis-
sion unit 1 are executed in a time-division manner.

In view of the base system, for example, the communica-
tion device is categorized into two kinds of devices including
a monitoring device attached to a switch (not shown) or a
sensor (not shown) and a control terminal device attached to
a load (not shown). Hence, it is possible to control a load
attached to the control terminal device in response to a moni-
toring input from a switch or a sensor attached to the moni-
toring terminal device. Each of the communication devices
stores an own address preliminarily assigned thereto in a
storage (not shown) thereof.

Upon receiving the monitoring input, the monitoring ter-
minal device transmits control information corresponding to
the monitoring input received to the transmission unit 1. Upon
receiving the control information, the transmission unit 1
transmits the control information to the control terminal
device which is associated with the monitoring terminal
device by use of the addresses. Upon receiving the control
information, the control terminal device controls the load in
accordance with the control information received. Since, the
control information reflects the monitoring input from a
switch etc., the monitoring input from a switch etc., is
reflected on the control of the load.

The transmission unit 1 sends, to the transmission path 2,
the transmission signal as illustrated in FIG. 4. The transmis-
sion signal in conformity with a time-division system has a
voltage waveform which is divided into a plurality of periods
in a time axis direction. For example, the transmission signal
is a time-division multiplex signal which is constituted by a
preliminary interrupt period 11, a preliminary period 12, a
transmission period 13, a return period 14, an interrupt period
15, a short-circuit detection period 16, and a rest period 17,
and has two different states (+24 V). The preliminary inter-
rupt period 11 serves as a period for detecting a secondary
interrupt. The preliminary period 12 is a period in accordance
with the interrupt period 15 and the shunt detection period 16.
The transmission period 13 serves as a period for transmitting
data to a communication device. The return period 14 serves
as a time slot for receiving a return signal from a communi-
cation device. The interrupt period 15 serves as a period for
detecting an interrupt signal mentioned below. The short-
circuit detection period 16 serves as a period for detecting
short-circuit. The rest period 17 serves as a period for com-
pensating a delay in a processing. The transmission signal is
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a signal used for transmitting data by means of modulating a
carrier constituted by a series of pulses.

Next, an explanation is made to an operation of the base
system.

As for each of the communication devices, when address
data included in the transmission period 13 of the transmis-
sion signal received via the transmission path 2 is identical to
the address stored in the storage unit, the communication
device retrieves the control information for controlling the
load from the transmission signal. Further, the communica-
tion device returns the control information as a current mode
signal, which is transmitted by means of short-circuiting the
transmission path 2 via an appropriate low impedance ele-
ment, in synchronization with the return period 14 of the
transmission signal. Besides, the transmission signal trans-
mitted via the transmission path 2 is rectified and stabilized
and then is supplied, as electrical power, to an internal circuit
of the communication device.

The transmission unit 1 normally performs a constant poll-
ing process of accessing the communication devices in turn
by means of cyclically changing the address data included in
the transmission signal. While the constant polling process is
performed, when the transmission signal includes the control
information, the communication device having the address
identical to the address data included in the transmission
signal acquires the control information and then operates, and
returns its operation state to the transmission unit 1.

Further, upon receiving an interrupt signal generated by a
monitoring terminal device (communication device) in
response to a monitoring input of a switch etc., the transmis-
sion unit 1 searches for the communication device which has
generated the interrupt signal, and accesses the detected com-
munication device and also performs an interrupt polling
process.

In brief, the transmission unit 1 normally sends the trans-
mission signal having mode data representing a normal mode.
Upon detecting the interrupt signal generated by the moni-
toring terminal device (communication device) in synchroni-
zation with the interrupt period 15 of the transmission signal,
the transmission unit 1 sends the transmission signal having
the mode data representing an interrupt polling mode.

When the communication device which has generated the
interrupt signal acknowledges that its own address has the
same high order bit as the address data of the received trans-
mission signal of the interrupt polling mode, the communi-
cation device returns a low order bit of its own address as
return data in synchronization with the return period 14 of the
received transmission signal. Through this process, the trans-
mission unit 1 can acquire the address of the communication
device which has generated the interrupt signal.

Upon acquiring the address of the communication device
having generated the interrupt signal, the transmission unit 1
sends the transmission signal for requesting return of the
control information to this communication device, and the
communication device returns the control information corre-
sponding to the monitoring input of the switch etc., to the
transmission unit 1. Upon receiving the control information,
the transmission unit 1 instructs the communication device to
clear its monitoring input, and this communication device
informs the transmission unit 1 that the monitoring input has
cleared.

Upon receiving the control information, the transmission
unit 1 creates the control information to be transmitted to the
communication device (control terminal device) associated,
by a correspondence relation of the address, with the com-
munication device (monitoring terminal device) which is a
sender of the control information. The transmission unit 1
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sends the transmission signal including the newly created
control information to the transmission path 2, thereby con-
trolling the load attached to the communication device (con-
trol terminal device).

As described above, in the base system, the communication
devices (the monitoring terminal device and the control ter-
minal device) communicate with each other through the
transmission unit 1 in accordance with a polling/selecting
protocol (first protocol).

In the present embodiment, the upper terminal device 5
also serves as the communication device of the base system.
When the upper terminal device 5 communicates with the
transmission unit 1 based on the first protocol on behalf of the
communication device, the upper terminal device 5 commu-
nicates with the transmission unit 1 through the transmission
path 2 without passing through the upper superimposing
apparatus 3. Note that the impedance matching modules 7
acting as high impedance elements for the superimposed
signal may be interposed between the transmission path 2 and
the respective communication devices of the base system.

In the communication system of the present embodiment,
while sharing the transmission path 2 with the base system,
the upper terminal device 5 and the lower terminal device 6
use the superimposed signal superimposed on the transmis-
sion signal of the first protocol to establish the second proto-
col communication, thereby sending and receiving the termi-
nal information. This terminal information is power
consumption of an electric appliance measured by the lower
terminal device 6, for example. In the present embodiment,
the lower superimposing apparatus 4 converts the terminal
information outputted from the lower terminal device 6 into
the superimposed signal and sends the resultant superim-
posed signal to the transmission path 2, and the upper super-
imposing apparatus 3 converts the superimposed signal
received from the transmission path 2 into the terminal infor-
mation and outputs the resultant terminal information to the
upper terminal device 5. According to this procedure, the
upper terminal device 5 can collect the terminal information
from the lower terminal device 6. Note that, the communica-
tion between the upper terminal device 5 and the upper super-
imposing apparatus 3 and the communication between the
lower terminal device 6 and the lower superimposing appa-
ratus 4 can be implemented by use of serial communication
based on RS 485, for example.

Further, in the present embodiment, with regard to the
second protocol communication, the upper terminal device 5
serves as a master and the lower terminal device 6 serves as a
slave. The upper terminal device 5 acting as the master polls
the lower terminal device 6 acting as the slave, and acquires
the terminal information from each of the lower terminal
devices 6 as a response to this polling. In the present embodi-
ment, since there is a plurality of the lower terminal devices 6,
the upper terminal device 5 functioning as the master polls the
plurality of the lower terminal devices 61, 62, and 63 func-
tioning as the slaves in order.

Although the upper terminal device 5 and the lower termi-
nal device 6 receive the terminal information, the upper
superimposing apparatus 3 and the lower superimposing
apparatus 4 send and receive the superimposed signal of the
second protocol to and from the transmission path 2. In other
words, the upper superimposing apparatus 3 functions as an
adapter which is interposed between the transmission path 2
and the upper terminal device 5 connected to the upper super-
imposing apparatus 3 and converts between the transmission
data (terminal information) and the superimposed signal, and
the lower superimposing apparatus 4 functions as an adapter
which is interposed between the transmission path 2 and the
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lower terminal device 6 connected to the lower superimpos-
ing apparatus 4 and converts between the transmission data
(terminal information) and the superimposed signal.

Consequently, in accordance with the protocol (second
protocol) different from the aforementioned first protocol, the
upper terminal device 5 can acquire the terminal information
from the lower terminal device 6 by means of a peer-to-peer
(P2P) connection without passing through the transmission
path 2. In brief, while the communication between the com-
munication devices based on the first protocol is performed
by way of the transmission unit 1, the communication
between the upper terminal device 5 and the lower terminal
device 6 based on the second protocol is directly performed
between the terminal devices without passing through the
transmission unit 1. Thus, the second protocol communica-
tion can have a high communication speed relative to the first
protocol communication, and is used for transmission of data
having relatively large data amount such as an analog quantity
(e.g., power consumption).

As shown in FIG. 2, the lower superimposing apparatus 4
includes the terminal connection unit 401 connected to the
lower terminal device 6, the information acquisition unit 402
connected to the terminal connection unit 401, and the com-
munication unit 403 connected to the information acquisition
unit 402. The communication unit 403 is connected to the
transmission path 2, and includes a signal sending unit 404
configured to send the superimposed signal and a signal
receiving unit 405 configured to receive the superimposed
signal.

The information acquisition unit 402 acquires the terminal
information from the lower terminal device 6 connected to the
terminal connection unit 401, via the terminal connection unit
401. The communication unit 403 returns the terminal infor-
mation in the form of the superimposed signal to the upper
superimposing apparatus 3 in response to the information
request transmitted as the superimposed signal from the
upper superimposing apparatus 3. The information request is
defined as a signal which the upper terminal device 5 outputs
in order to request return of the terminal information from the
lower terminal device 6. The upper terminal device 5 selects
a destination of the information request from the lower ter-
minal devices 6 and then outputs the information request.

Further, the lower superimposing apparatus 4 includes a
signal monitoring unit 406 configured to monitor the trans-
mission signal transmitted between the transmission unit 1
and the communication device of the base system. The signal
monitoring unit 406 analyzes a data transmission condition
(hereinafter referred to as “state”) from the transmission sig-
nal. The signal sending unit 404 has a function of judging
whether or not the state determined by the signal monitoring
unit 406 is a condition suitable for superimposition of the
superimposed signal, and of sending the superimposed signal
when the signal sending unit 404 determines that the state is
the condition suitable for superimposition of the superim-
posed signal.

As mentioned above, the transmission signal is based on a
signal format as illustrated in FIG. 4. With regard to the
preliminary interrupt period 11, the preliminary period 12,
and the rest period 17, even if the superimposed signal is
superimposed, the communication using the transmission
signal is not affected. Further, the communication between
the terminal devices using the superimposed signal is insus-
ceptible to the transmission signal. Thus, the preliminary
interrupt period 11, the preliminary period 12, and the rest
period 17 can be used as a period (hereinafter referred to as
“superimposable period”) in which the superimposed signal
is allowed to be superimposed.
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With regard to the other periods (the transmission period
13, the return period 14, the interrupt period 15, and the
short-circuit detection period 16), since a period in which the
transmission signal is stably kept at a high level or a low level
is relatively short, the communication using the transmission
signal is susceptible to the superimposed signal. When the
superimposed signal is superimposed in the other period, the
communication between the terminal devices using the super-
imposed signal is susceptible to a signal (e.g., the interrupt
signal and the return data) received and sent between the
transmission unit 1 and the communication device. There-
fore, the other periods are considered as a period unusable for
superimposition of the superimposed signal.

Moreover, periods of a rising edge and a falling edge of the
transmission signal are not suitable for superimposition of the
superimposed signal, because of influences of harmonic
noises and a transient response accompanied with a voltage
reversion of a signal. Therefore, even when a predetermined
period (e.g., 300 ps) subsequent to switching of a period (the
rising edge or the falling edge) is included in any one of the
preliminary interrupt period 11, the preliminary period 12,
and the rest period 17 of the transmission signal, such a
predetermined period s also considered as the unsuperimpos-
able period.

As mentioned above, the transmission path 2 has the super-
imposable period (available period) and the unsuperimpos-
able period (“unavailable period”). Especially, the superim-
posable period is a partial period of the period for transmitting
the transmission signal.

In view of' the above, the signal sending unit 404 is config-
ured to judge whether the current period is the superimpos-
able period or the unsuperimposable period based on the
analysis result of the state of the transmission signal, and,
only when the signal sending unit 404 concludes that the
current period is the superimposable period, send the super-
imposed signal. As mentioned above, the lower superimpos-
ing apparatus 4 superimposes the superimposed signal only in
the superimposable period of the transmission signal in syn-
chronization with the transmission signal, thereby avoiding
interference between the first protocol communication and
the second protocol communication sharing the common
transmission path 2.

In the present embodiment, when the signal sending unit
404 fails to send the transmission data in one superimposable
period due to a large data amount of the transmission data, the
signal sending unit 404 temporarily terminates communica-
tion at the end of the current superimposable period and sends
the remaining data in the next superimposable period.

The upper superimposing apparatus 3 has a basic configu-
ration similar to that of the lower superimposing apparatus 4.
As shown in FIG. 3, the upper superimposing apparatus 3
includes the terminal connection unit (second terminal con-
nection unit) 301 connected to the upper terminal device 5,
the communication unit (second communication unit) 303
connected to the transmission path 2, and the signal monitor-
ing unit 306. The communication unit 303 is connected to the
transmission path 2, and includes a signal sending unit 304
configured to send the superimposed signal and a signal
receiving unit 305 configured to receive the superimposed
signal. Further, the upper superimposing apparatus 3 is pro-
vided with a processing unit 302 interposed between the
terminal connection unit (second terminal connection unit)
301 and the communication unit (second communication
unit) 303 and configured to process information transferred
between the upper terminal device 5 and the lower terminal
device 6.
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As mentioned above, the lower superimposing apparatus 4
includes the second terminal connection unit 301, the second
communication unit 303, and the processing unit 302.

The second terminal connection unit 301 is used for mak-
ing connection with the upper terminal device (second termi-
nal device) 5.

The second communication unit 303 is connected to the
transmission path 2 and is configured to communicate with
the lower superimposing apparatus (first superimposing
apparatus) 4 in the available period (superimposable period).
In the present embodiment, the communication unit (second
communication unit) 303 of the upper superimposing appa-
ratus 3 is configured to send the information request to the
upper superimposing apparatus 3 by use of the superimposed
signal.

The processing unit 302 is configured to, upon receiving
the information request from the upper terminal device (sec-
ond terminal device) 5 connected to the second terminal
connection unit 301, send the received information request to
the first superimposing apparatus 4 via the second communi-
cation unit 303. In the present embodiment, the information
request is sent to all the first superimposing apparatuses 4
connected to the transmission path 2. In other words, the
second superimposing apparatus broadcasts the information
request. Moreover, the processing unit 302 is configured to,
upon receiving the terminal information from the first super-
imposing apparatus 4 via the second communication unit 303,
provide the received terminal information to the upper termi-
nal device (second terminal device) 5 connected to the second
terminal connection unit 301.

In brief, when the upper superimposing apparatus 3
receives the information request from the upper terminal
device 5, the upper superimposing apparatus 3 sends the
received information request to the lower superimposing
apparatus 4 in the available period. In other words, the upper
superimposing apparatus 3 sends the information request to
the lower superimposing apparatus 4 by use of the superim-
posed signal. Additionally, when the upper superimposing
apparatus 3 receives the terminal information from the lower
superimposing apparatus 4, the upper superimposing appara-
tus 3 sends the received terminal information to the upper
terminal device 5.

Note that, like the communication device of the base sys-
tem, power is supplied to the upper terminal device 5 and the
lower terminal device 6 by use of a system (centralized power
supply system) of creating power by rectifying and stabilizing
the transmission signal transmitted via the transmission path
2. However, a power supply system used in the present
embodiment is not limited to this system. For example, power
may be supplied to the upper terminal device 5 and the lower
terminal device 6 by use of a system (local power supply
system) of creating power by rectifying and stabilizing power
supplied from a commercial AC source.

In the present embodiment, as shown in FIG. 4, the lower
superimposing apparatus 4 is provided with the buffer unit
407 configured to store the terminal information acquired by
the information acquisition unit 402. Accordingly, the lower
superimposing apparatus 4 can preliminarily acquire the ter-
minal information of the lower terminal device 6 connected
thereto by use of the information acquisition unit 402 and
store the acquired terminal information in the buffer unit 407.

The information acquisition unit 402 acquires the terminal
information at a designated timing, and temporarily stores the
acquired terminal information in the buffer unit 407 until
receiving the information request to the lower terminal device
6 connected to the terminal connection unit 401. The terminal
information stored in the buffer unit 407 is sent to the upper
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terminal device 5 via the communication unit 403 in response
to the information request to the lower terminal device 6
connected to the terminal connection unit 401. The terminal
information stored in the buffer unit 407 is deleted from the
buffer unit 407 at the timing at which the terminal information
is returned by the communication unit 403.

In the present embodiment, the information acquisition
unit 402 acquires the terminal information from the lower
terminal device 6 at a timing designated by a trigger from
another device connected to the transmission path 2 (the
predetermined timing is determined by the trigger received by
the first communication unit 403 via the transmission path 2).
In other words, the information acquisition unit 402 starts
acquisition of the terminal information from the lower termi-
nal device 6 at the timing at which the communication unit
403 receives the trigger sent by another device to the trans-
mission path 2.

In the present embodiment, the trigger is the information
request which the upper terminal device 5 outputs in order to
request the lower terminal device 6 to send back the terminal
information (the trigger is used as the information request).
The upper terminal device 5 sends the information request to
the respective lower terminal devices 61, 62, and 63 in order
for the purpose of acquiring the terminal information from the
plurality of the lower terminal devices 6 by polling them.
Hence, this information request is used as a trigger, and the
information acquisition unit 402 operates in response to this
trigger. In brief] the information acquisition unit 402 outputs
the information request to the lower terminal device 6 con-
nected to the terminal connection unit 401, thereby acquiring
the terminal information from the lower terminal device 6 as
a response of the lower terminal device 6.

In the present embodiment, not only when the lower super-
imposing apparatus 4 receives the information request to the
lower terminal device 6 connected thereto but also when the
lower superimposing apparatus 4 receives the information
request to the lower terminal device 6 connected to the other
lower superimposing apparatus 4, the lower superimposing
apparatus 4 acknowledges the information request as the
trigger, and acquires the terminal information from the infor-
mation acquisition unit 402. For example, the lower superim-
posing apparatus 4 receives the information request from the
upper superimposing apparatus 3 at the communication unit
403 irrespective of the destination of the information request.
Further, the information acquisition unit 402 modifies an
identifier (address) of the lower terminal device 6 serving as
the destination included in the information request such that
the information request directed (destined) to the lower ter-
minal device 6 connected to the other lower superimposing
apparatus 4 is revised as the information request directed to
the lower terminal device 6 connected to itself. The informa-
tion acquisition unit 402 outputs the information request
including the modified destination to the lower terminal
device 6 connected to itself, thereby acquiring the terminal
information from the lower terminal device 6 as a response of
the lower terminal device 6.

Note that, even if the lower superimposing apparatus 4
receives the terminal information directed to the lower termi-
nal device 6 connected to the other lower superimposing
apparatus 4, the lower superimposing apparatus 4 does not
return the terminal information to the upper terminal device 5
via the communication unit 403 immediately. To implement
this operation, upon receiving the terminal information
directed to the lower terminal device 6 connected to the other
lower superimposing apparatus 4, the information acquisition
unit 402 stores the terminal information in the buffer unit 407
temporarily, and subsequently returns the terminal informa-
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tion in response to the information request directed to the
lower terminal device 6 connected to itself.

The respective lower superimposing apparatuses 4 receive
a series of the information requests which are sent from the
upper terminal device 5 to the plurality of the lower terminal
devices 61, 62, and 63 sequentially in order to request them to
provide the terminal information obtained at the same timing.
For example, when the upper terminal device 5 requests the
terminal information every one hour, one o’clock and two
o’clock and three o’clock, the upper terminal device 5 sends
the information request to the lower terminal devices 61, 62,
and 63 in turn at one o’clock.

In this situation, since each one of the lower superimposing
apparatuses 4 also receives the information request directed
to the lower terminal devices 6 connected to the other lower
superimposing apparatuses 4, the lower superimposing appa-
ratuses 4 receive information request requesting the terminal
information at one o’clock multiple times (three times, in this
example). Since the information request includes timing
information (e.g., information representing time) indicative
of a timing of acquiring the terminal information, a series of
the information requests generated for requesting provision
(return) of the terminal information acquired at the same
timing include the common timing information representing
the same timing. For this reason, in the present embodiment,
the timing information is used as identification information.
In brief, the information requests sent in the collection pro-
cess include the common (same) timing information.

In view of the above, in the present embodiment, with
regard to a series of the information requests generated for
requesting provision of the terminal information acquired at
the same timing, the information acquisition unit 402 is con-
figured to acquire the terminal information from the lower
terminal device 6 only once. In more detail, when the infor-
mation requests including the timing information represent-
ing one o’clock are sent in order of the lower terminal devices
61, 62, and 63, for example, the information acquisition units
402 of the respective lower superimposing apparatuses 4
regard, as the trigger, only the information request directed to
the lower terminal device 61 which is received first, and
acquire the terminal information.

The information acquisition unit 402 is configured to per-
form a destination judgment process, an acquisition judgment
process, a first reply process, a second reply process, and a
third reply process.

The information acquisition unit 402 is configured to, upon
receiving the information request from the upper superimpos-
ing apparatus 4 via the first communication unit 403, perform
the destination judgment process.

The information acquisition unit 402 is configured to, in
the destination judgment process, judge whether or not the
lower terminal device (first terminal device) 6 indicated by
the received destination information is identical to the lower
terminal device (first terminal device) 6 connected to the first
terminal connection unit 401. The information acquisition
unit 402 is configured to, upon concluding that the lower
terminal device (first terminal device) 6 indicated by the
destination information is identical to the lower terminal
device (first terminal device) 6 connected to the first terminal
connection unit 401 through the destination judgment pro-
cess, perform the acquisition judgment process. The informa-
tion acquisition unit 402 is configured to, upon concluding
that the lower terminal device (first terminal device) 6 indi-
cated by the destination information is not identical to the
lower terminal device (first terminal device) 6 connected to
the first terminal connection unit 401 through the destination
judgment process, perform the first reply process.
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The information acquisition unit 402 is configured to, in
the acquisition judgment process, judge whether or not the
terminal information of the lower terminal device (first ter-
minal device) 6 indicated by the destination information is
stored in the buffer unit 407. The information acquisition unit
402 is configured to, upon concluding that the terminal infor-
mation of the lower terminal device (first terminal device) 6
indicated by the destination information is stored in the buffer
unit 407 through the acquisition judgment process, perform
the second reply process. The information acquisition unit
402 is configured to, upon concluding that the terminal infor-
mation of the lower terminal device (first terminal device) 6
indicated by the destination information is not stored in the
buffer unit 407 through the acquisition judgment process,
perform the third reply process.

The information acquisition unit 402 is configured to, in
the first reply process, acquire the terminal information from
the lower terminal device (first terminal device) 6 connected
to the first terminal connection unit 401.

The information acquisition unit 402 is configured to, in
the second reply process, retrieve the terminal information of
the lower terminal device (first terminal device) 6 indicated
by the destination information from the buffer unit 407 and
send the retrieved terminal information to the upper superim-
posing apparatus (second superimposing apparatus) 3 via the
first communication unit 403.

The information acquisition unit 402 is configured to, in
the third reply process, acquire the terminal information from
the lower terminal device (first terminal device) 6 connected
to the first terminal connection unit 401, and send the
acquired terminal information to the upper superimposing
apparatus (second superimposing apparatus) 3 via the first
communication unit 403.

Additionally, the information acquisition unit 402 is con-
figured to perform a reception judgment process. In the
present embodiment, the information acquisition unit 402 is
configured to, upon concluding that the lower terminal device
(first terminal device) 6 indicated by the destination informa-
tion is not identical to the lower terminal device (first terminal
device) 6 connected to the first terminal connection unit 401
through the destination judgment process, perform the recep-
tion judgment process.

The information acquisition unit 402 is configured to, in
the reception judgment process, judge whether or not the
information acquisition unit 402 has already received the
information request including the identification information
(in the present embodiment, the timing information) identical
to the identification information included in the currently
received information request. The information acquisition
unit 402 is configured to, upon concluding that the informa-
tion acquisition unit 402 has already received the information
request including the same identification information as the
currently received information request through the reception
judgment process, not perform the first reply process. The
information acquisition unit 402 is configured to, upon con-
cluding that the information acquisition unit 402 has not yet
received the information request including the same identifi-
cation information as the currently received information
request through the reception judgment process, perform the
first reply process.

Note that, the reception judgment process may be per-
formed prior to the destination judgment process. In this
instance, the information acquisition unit 402 is configured
to, upon concluding that the information acquisition unit 402
has already received the information request including the
same identification information as the currently received
information request through the reception judgment process,
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not perform the destination judgment process. The informa-
tion acquisition unit 402 is configured to, upon concluding
that the information acquisition unit 402 has not yet received
the information request including the same identification
information as the currently received information request
through the reception judgment process, perform the destina-
tion judgment process.

The following explanation referring to the flowchart illus-
trated in FIG. 5 is made to an operation of the lower super-
imposing apparatus 4 of the present embodiment.

When the lower superimposing apparatus 4 receives the
information request from the upper terminal device 5 (S1),
the lower superimposing apparatus 4 judges whether or not
the destination of the information request is the lower termi-
nal device 6 connected to itself (the destination judgment
process “S2”). When the lower superimposing apparatus 4
determines that the received information request is directed to
the lower terminal device 6 connected to itself (S2: Yes), the
information acquisition unit 402 judges whether or not the
acquired terminal information (data) has been already stored
in the buffer unit 407 (the acquisition judgment process
“S3”). When the terminal information (data) is not stored in
the bufter unit 407 (S3: No), the information acquisition unit
402 acquires the terminal information (data) from the con-
nected lower terminal device 6 (S4), and returns this terminal
information (acquired data) to the upper terminal device 5 via
the communication unit 403 as a response to the information
request (S5). In other words, the information acquisition unit
402 performs the third reply process.

When the lower superimposing apparatus 4 determines
that the received information request is not directed to the
lower terminal device 6 connected to itself (S2: No), the lower
superimposing apparatus 4 judges whether or not the lower
superimposing apparatus 4 has already acquired the terminal
information at the same timing from the lower terminal
device 6 (reception judgment process “S6’"). When the lower
superimposing apparatus 4 has already acquired the terminal
information at the same timing (S6: Yes), the lower superim-
posing apparatus 4 terminates the procedure. When the lower
superimposing apparatus 4 has not yet acquired the terminal
information relating to the same timing (S6: No), the infor-
mation acquisition unit 402 modifies the destination of the
information request to the lower terminal device 6 connected
to itself (S7), and acquires the terminal information from this
lower terminal device 6 (S8), and stores the acquired terminal
information (acquired data) in the buffer unit 407 (S9). In
other words, the information acquisition unit 402 performs
the first reply process.

After the lower superimposing apparatus 4 stores the ter-
minal information (data) in the buffer unit 407, next time the
lower superimposing apparatus 4 receives the information
request directed to the lower terminal device 6 connected to
itself (S2: Yes), the lower superimposing apparatus 4 returns
the terminal information (stored data) in the buffer unit 407 to
the upper terminal device 5 via the communication unit 403 as
a response to the information request (S10). In other words,
the information acquisition unit 402 performs the second
reply process.

For example, in the collection process, the upper terminal
device 5 transmits the information request (hereinafter,
referred to as “first information request”) including the des-
tination information representing the lower terminal device
61, the information request (hereinafter, referred to as “sec-
ond information request”) including the destination informa-
tion representing the lower terminal device 62, and the infor-
mation request (hereinafter, referred to as “third information
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request”) including the destination information representing
the lower terminal device 63 at predetermined time intervals
in this order.

Upon receiving the first information request, the upper
superimposing apparatus 3 transmits the first information
request to the lower superimposing apparatuses 41, 42, and 43
by use of the superimposed signal. Upon receiving the first
information request (S1), the respective lower superimposing
apparatuses 41, 42, and 43 perform the destination judgment
process (S2). The destination information of the first infor-
mation request represents the lower terminal device 61. Thus,
the lower superimposing apparatus 41 performs the acquisi-
tion judgment process (S3) and the remaining lower super-
imposing apparatuses 42 and 43 perform the reception judg-
ment process (S6). When the buffer unit 407 of the lower
superimposing apparatus 41 does not store the terminal infor-
mation, the lower superimposing apparatus 41 performs the
third reply process (S4 and S5). As a result, the terminal
information of the lower terminal device 61 is transmitted to
the upper superimposing apparatus 3 as the superimposed
signal. Upon receiving the terminal information of the lower
terminal device 61, the upper superimposing apparatus 3
transmits the received terminal information of the lower ter-
minal device 61 to the upper terminal device 5. With regard to
the lower superimposing apparatuses 42 and 43, since the first
information request is the first of the information requests in
the collection process, the respective lower superimposing
apparatuses 42 and 43 perform the first reply process (S7, S8,
and S9). As a result, the butfer unit 407 of the lower super-
imposing apparatus 42 stores the terminal information of the
lower terminal device 62, and the buffer unit 407 of the lower
superimposing apparatus 43 stores the terminal information
of the lower terminal device 63.

Upon receiving the second information request, the upper
superimposing apparatus 3 transmits the second information
request to the lower superimposing apparatuses 41, 42, and 43
by use of the superimposed signal. Upon receiving the second
information request (S1), the respective lower superimposing
apparatuses 41, 42, and 43 perform the destination judgment
process (S2). The destination information of the second infor-
mation request represents the lower terminal device 62. Thus,
the lower superimposing apparatus 42 performs the acquisi-
tion judgment process (S3) and the remaining lower super-
imposing apparatuses 41 and 43 perform the reception judg-
ment process (S6). Since the buffer unit 407 of the lower
superimposing apparatus 42 has already stored the terminal
information of the lower terminal device 62, the lower super-
imposing apparatus 42 performs the second reply process
(S10). As a result, the terminal information of the lower
terminal device 62 is transmitted to the upper superimposing
apparatus 3 as the superimposed signal. Upon receiving the
terminal information of the lower terminal device 62, the
upper superimposing apparatus 3 transmits the received ter-
minal information of the lower terminal device 62 to the upper
terminal device 5. With regard to the lower superimposing
apparatuses 41 and 43, since the second information request
is the second of the information requests in the collection
process, the respective lower superimposing apparatuses 41
and 43 terminate the procedure without performing the first
reply process.

Upon receiving the third information request, the upper
superimposing apparatus 3 transmits the third information
request to the lower superimposing apparatuses 41, 42, and 43
by use of the superimposed signal. Upon receiving the third
information request (S1), the respective lower superimposing
apparatuses 41, 42, and 43 perform the destination judgment
process (S2). The destination information of the third infor-
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mation request represents the lower terminal device 63. Thus,
the lower superimposing apparatus 43 performs the acquisi-
tion judgment process (S3) and the remaining lower super-
imposing apparatuses 41 and 42 perform the reception judg-
ment process (S6). Since the buffer unit 407 of the lower
superimposing apparatus 43 has already stored the terminal
information of the lower terminal device 63, the lower super-
imposing apparatus 43 performs the second reply process
(S810). As a result, the terminal information of the lower
terminal device 63 is transmitted to the upper superimposing
apparatus 3 as the superimposed signal. Upon receiving the
terminal information of the lower terminal device 63, the
upper superimposing apparatus 3 transmits the received ter-
minal information of the lower terminal device 63 to the upper
terminal device 5. With regard to the lower superimposing
apparatuses 41 and 42, since the second information request
is the third of the information requests in the collection pro-
cess, the respective lower superimposing apparatuses 41 and
42 terminate the procedure without performing the first reply
process.

In this manner, the second terminal device 5 obtains the
terminal information of the respective first terminal devices
61, 62, and 63 by performing the collection process.

As mentioned in the above, the communication system of
the present embodiment is a communication system which
includes a plurality of the terminal devices 5 and 6, and is
designed to share the transmission path 2 with a system
employing the first protocol communication using the trans-
mission signal repeatedly transmitted and to allow the termi-
nal devices 5 and 6 to transfer the terminal information to
each other by use of the second protocol communication
transmitting the superimposed signal superimposed in the
predetermined superimposable period of the transmission
signal. The communication system includes the lower super-
imposing apparatus 4 and the upper superimposing apparatus
3. The lower superimposing apparatus 4 is interposed
between the transmission path 2 and the terminal device
(lower terminal device) 6 serving as a sender of the terminal
information. The lower superimposing apparatus 4 converts
the terminal information outputted from the terminal device 6
into the superimposed signal and sends the superimposed
signal to the transmission path 2. The upper terminal device 5
is interposed between the transmission path 2 and the termi-
nal device (upper terminal device) 5 serving as a receiver of
the terminal information. The upper terminal device 5 con-
verts the superimposed signal received from the transmission
path 2 into the terminal information and outputs the terminal
information to the terminal device 5. The lower superimpos-
ing apparatus 4 includes the terminal connection unit 401, the
information acquisition unit 402, the buffer unit 407, and the
communication unit 403. The terminal connection unit 401 is
connected to the terminal device 6. The information acquisi-
tion unit 402 acquires the terminal information from the ter-
minal device 6 connected to the terminal connection unit 401.
The buffer unit 407 stores the terminal information acquired
by the information acquisition unit 402. The communication
unit 403 returns the terminal information by use of the super-
imposed signal in response to the information request from
the upper superimposing apparatus 3. The information acqui-
sition unit 402 acquires the terminal information at a desig-
nated timing, and temporarily stores the terminal information
in the buffer unit 407 until receiving the information request
to the terminal device 6 connected to the terminal connection
unit 401.

In other words, the communication system of the present
embodiment includes a plurality of the first terminal devices
(lower terminal devices) 6, the second terminal device (upper
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terminal device) 5, the first superimposing apparatus (lower
superimposing apparatus) 4, and the second superimposing
apparatus (upper superimposing apparatus) 3. Each of the
first terminal devices 6 is connected to the transmission path
2 and has predetermined terminal information. The second
terminal device 5 is connected to the transmission path 2 and
is configured to send the information request for requesting
the first terminal device 6 to provide the terminal information
thereof. The first superimposing apparatus 4 is interposed
between the first terminal device 6 and the transmission path
2. The second superimposing apparatus 3 is interposed
between the second terminal device 5 and the transmission
path 2 and is configured to receive the information request
from the second terminal device 5. The first superimposing
apparatus 4 includes the first terminal connection unit 401,
the first communication unit 403, the information acquisition
unit 402, and the buffer unit 407. The first terminal connection
unit 401 is used for making connection with the first terminal
device 6. The first communication unit 403 is connected to the
transmission path 2 and is configured to communicate with
the second superimposing apparatus 3 in the available period
in which the transmission path 2 is available. The information
acquisition unit 402 is configured to acquire the terminal
information from the first terminal device 6 connected to the
first terminal connection unit 401 at a predetermined timing.
The buffer unit 407 is configured to store therein the terminal
information acquired by the information acquisition unit 402.
The second superimposing apparatus 3 is configured to, upon
receiving the information request from the second terminal
device 5, send the information request to the first superim-
posing apparatus 4 in the available period. The information
acquisition unit 402 is configured to, upon receiving the infor-
mation request from the second superimposing apparatus 3
via the first communication unit 403, retrieve the terminal
information from the buffer unit 407 and send the retrieved
terminal information to the second superimposing apparatus
3 via the first communication unit 403. The second superim-
posing apparatus 3 is configured to, upon receiving the ter-
minal information, provide the received terminal information
to the second terminal device 5.

Especially, in the communication system of the present
embodiment, the transmission path 2 is used for transmission
of the transmission signal based on the communication pro-
tocol different from the communication protocol between the
first superimposing apparatus 4 and the second superimpos-
ing apparatus 3. The available period is defined as a period in
which the superimposed signal is allowed to be superimposed
on the transmission signal 2. The communication unit (first
communication unit) 403 is configured to communicate with
the second superimposing apparatus 3 by use of the superim-
posed signal. The second superimposing apparatus 3 is con-
figured to send the information request to the first superim-
posing apparatus 4 using the superimposing signal.

The superimposing apparatus 4 in the present embodiment
is used in a communication system which includes a plurality
of the terminal devices 5 and 6, and is designed to share the
transmission path 2 with a system employing the first protocol
communication using the transmission signal repeatedly
transmitted, and to allow the terminal devices 5 and 6 to
transfer the terminal information to each other by use of the
second protocol communication transmitting the superim-
posed signal superimposed in the predetermined superimpos-
able period of the transmission signal. The communication
system includes the lower superimposing apparatus 4 and the
upper superimposing apparatus 3. The lower superimposing
apparatus 4 is interposed between the transmission path 2 and
the terminal device (lower terminal device) 6 serving as a
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sender of the terminal information. The lower superimposing
apparatus 4 converts the terminal information outputted from
the terminal device 6 into the superimposed signal and sends
the superimposed signal to the transmission path 2. The upper
terminal device 5 is interposed between the transmission path
2 and the terminal device (upper terminal device) 5 serving as
a receiver of the terminal information. The upper terminal
device 5 converts the superimposed signal received from the
transmission path 2 into the terminal information and outputs
the terminal information to the terminal device 5. The super-
imposing apparatus 4 in the present embodiment is used as the
lower superimposing apparatus 4 in this communication sys-
tem, and includes the terminal connection unit 401, the infor-
mation acquisition unit 402, the buffer unit 407, and the
communication unit 403. The terminal connection unit 401 is
connected to the terminal device 6. The information acquisi-
tion unit 402 acquires the terminal information from the ter-
minal device 6 connected to the terminal connection unit 401.
The buffer unit 407 stores the terminal information acquired
by the information acquisition unit 402. The communication
unit 403 returns the terminal information by use of the super-
imposed signal in response to the information request from
the upper superimposing apparatus 3. The information acqui-
sition unit 402 acquires the terminal information at a desig-
nated timing, and temporarily stores the terminal information
in the buffer unit 407 until receiving the information request
to the terminal device 6 connected to the terminal connection
unit 401.

In other words, the superimposing apparatus 4 of the
present embodiment includes the terminal connection unit
(first terminal connection unit) 401, the communication unit
(first communication unit) 403, the information acquisition
unit 402, and the buffer unit 407. The terminal connection unit
401 is used for making connection with the terminal device
(first terminal device) 6 having predetermined terminal infor-
mation. The communication unit 403 is connected to the
transmission path 2 and is configured to make communica-
tion in the available period in which the transmission path 2 is
available. The information acquisition unit 402 is configured
to acquire the terminal information from the terminal device
6 connected to the terminal connection unit 401 at a prede-
termined timing. The buffer unit 407 is configured to store
therein the terminal information acquired by the information
acquisition unit 402. The information acquisition unit 402 is
configured to, upon receiving an information request for
requesting the terminal device 6 to provide the terminal infor-
mation thereof via the communication unit 403, retrieve the
terminal information from the buffer unit 407 and send the
retrieved terminal information to the transmission path 2 via
the communication unit 403.

According to the configuration of the present embodiment
as explained in the above, the lower superimposing apparatus
4 acquires the terminal information by the information acqui-
sition unit 402 at a designated timing, and temporarily stores
the terminal information in the buffer unit 407 until receiving
the information request to the terminal device 6 connected to
the terminal connection unit 401. Hence, the multiple lower
superimposing apparatuses 4 can simultaneously acquire the
terminal information of the corresponding lower terminal
devices 6 at a designated timing and store the terminal infor-
mation in the respective buffer units 407 if needed. Since the
communication between the upper superimposing apparatus
3 and the lower superimposing apparatus 4 is not allowed to
be performed except a predetermined superimposable period,
timings of returning the terminal information to the upper
terminal device 5 may be different. However, the information
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acquisition unit 402 can preliminarily acquire the terminal
information in advance of return of the terminal information.

Therefore, the information acquisition units 402 of the
respective lower superimposing apparatuses 4 can acquire the
terminal information at the same timing with regard to the
lower terminal devices 61, 62, and 63. Accordingly, the com-
munication system can reduce a time lag which would occur
between the acquired times of the terminal information due to
variations in timings of acquisition of the terminal informa-
tion from the lower terminal devices 6 by the lower superim-
posing apparatuses 4. In brief, there is an advantage in that it
is possible to reduce a time lag between the terminal infor-
mation of the respective terminal devices 6 due to variations
in timings of acquisition of the terminal information.

Further, in the present embodiment, the information acqui-
sition unit 402 acquires the terminal information at a timing
designated by a trigger from another device connected to the
transmission path 2. In brief, since the timing at which the
information acquisition unit 402 acquires the terminal infor-
mation is designated by the trigger from another device con-
nected to the transmission path 2, acquisition timings of the
terminal information of the multiple lower superimposing
apparatuses 4 connected to the transmission path 2 can easily
coincide with each other. Moreover, the trigger is the infor-
mation request from the upper superimposing apparatus 3. In
this manner, since the information request from the upper
superimposing apparatus 3 is used as the trigger, there is no
need to add another device for generating the trigger. Thus,
the system configuration can be simplified.

Furthermore, in the communication system of the present
embodiment, a plurality of the lower superimposing appara-
tuses 4 is connected to the transmission path 2. When the
lower superimposing apparatus 4 receives the information
request destined to the terminal device 6 connected to the
other lower superimposing apparatus 4, the information
acquisition unit 402 acquires the terminal information from
the terminal device 6 connected to the terminal connection
unit 401 and stores the acquired terminal information in the
buffer unit 407. When the lower superimposing apparatus 4
receives the information request destined to the terminal
device 6 connected to its own terminal connection unit 401,
the communication unit 403 returns the terminal information
stored in the buffer unit 407.

In more specifically, the communication system of the
present embodiment further includes a plurality of the first
superimposing apparatuses 4 (41, 42, and 43). The informa-
tion request includes destination information indicative of the
first terminal device 6 which the second terminal device 5
requests to provide the terminal information. The information
acquisition unit 402 is configured to perform the destination
judgment process, the acquisition judgment process, the first
reply process, the second reply process, and the third reply
process. The information acquisition unit 402 is configured
to, upon receiving the information request from the upper
superimposing apparatus 3 via the first communication unit
403, perform the destination judgment process. The informa-
tion acquisition unit 402 is configured to, in the destination
judgment process, judge whether or not the lower terminal
device (first terminal device) 6 indicated by the destination
information is identical to the lower terminal device (first
terminal device) 6 connected to the first terminal connection
unit 401. The information acquisition unit 402 is configured
to, upon concluding that the lower terminal device (first ter-
minal device) 6 indicated by the destination information is
identical to the lower terminal device (first terminal device) 6
connected to the first terminal connection unit 401 through
the destination judgment process, perform the acquisition
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judgment process, and to, upon concluding that the lower
terminal device (first terminal device) 6 indicated by the
destination information is not identical to the lower terminal
device (first terminal device) 6 connected to the first terminal
connection unit 401 through the destination judgment pro-
cess, perform the first reply process. The information acqui-
sition unit 402 is configured to, in the acquisition judgment
process, judge whether or not the terminal information of the
lower terminal device (first terminal device) 6 indicated by
the destination information is stored in the buffer unit 407.
The information acquisition unit 402 is configured to, upon
concluding that the terminal information of the lower termi-
nal device (first terminal device) 6 indicated by the destina-
tion information is stored in the buffer unit 407 through the
acquisition judgment process, perform the second reply pro-
cess, and to, upon concluding that the terminal information of
the lower terminal device (first terminal device) 6 indicated
by the destination information is not stored in the buffer unit
407 through the acquisition judgment process, perform the
third reply process. The information acquisition unit 402 is
configured to, in the first reply process, acquire the terminal
information from the lower terminal device (first terminal
device) 6 connected to the first terminal connection unit 401.
The information acquisition unit 402 is configured to, in the
second reply process, retrieve the terminal information of the
lower terminal device (first terminal device) 6 indicated by
the destination information from the buffer unit 407 and send
the retrieved terminal information to the upper superimposing
apparatus (second superimposing apparatus) 3 via the first
communication unit 403. The information acquisition unit
402 is configured to, in the third reply process, acquire the
terminal information from the lower terminal device (first
terminal device) 6 connected to the first terminal connection
unit 401, and send the acquired terminal information to the
upper superimposing apparatus (second superimposing appa-
ratus) 3 via the first communication unit 403.

Accordingly, when the lower superimposing apparatus 4
receives the information request directed to the lower termi-
nal device 6 connected to another lower superimposing appa-
ratus 4, the lower superimposing apparatus 4 acquires the
terminal information and temporarily stores the acquired ter-
minal information in the buffer unit 407. Subsequently, the
lower superimposing apparatus 4 sends the terminal informa-
tion in response to the information request directed to the
lower terminal device 6 connected to itself. Therefore, even
when the information request is sent from the upper terminal
device 5 acting as a master to a plurality of the lower terminal
devices 6 acting as slaves sequentially, the information acqui-
sition units 402 of the respective lower superimposing appa-
ratuses 4 can have the same acquisition timing of the terminal
information.

In addition, even when the information acquisition unit 402
receives a series of the information requests which are
sequentially sent to the lower superimposing apparatuses 4 in
order to request the terminal information obtained at the same
timing, the information acquisition unit 402 acquires the ter-
minal information from the terminal device 6 only one time.

In more specifically, the second terminal device 5 is con-
figured to perform the collection process of sending in turn
the information request to the first terminal devices 6. The
information request sent in the collection process includes the
identification information commonly assigned. The informa-
tion acquisition unit 402 is configured to perform the recep-
tion judgment process of judging whether or not the informa-
tion acquisition unit 402 has already received the information
request including the identification information identical to
the identification information included in the currently
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received information request. The information acquisition
unit 402 is configured to, upon concluding that the informa-
tion acquisition unit 402 has already received the information
request including the same identification information as the
currently received information request through the reception
judgment process, not perform the first reply process. The
information acquisition unit 402 is configured to, upon con-
cluding that the information acquisition unit 402 has not yet
received the information request including the same identifi-
cation information as the currently received information
request through the reception judgment process, perform the
first reply process.

In brief, with regard to a series of the information requests
for requesting the terminal information obtained at the same
timing, the information acquisition unit 402 acquires the ter-
minal information only one time. Therefore, differently from
an instance where the information acquisition unit 402 con-
siders, as the trigger, each of the serial information requests
for requesting the terminal information obtained at the same
timing, the information acquisition unit 402 does not acquire
the terminal information at different timings from the same
lower terminal device 6. Thus, the information acquisition
unit 402 can acquire the terminal information at a single
timing requested by the upper terminal device 5. Hence, there
is an advantage in that acquisition of the unnecessary terminal
information can be avoided.

Note that, the upper superimposing apparatus 3 may be
configured to send a preliminary request in addition to the
information request to all the lower superimposing appara-
tuses 4 connected to the transmission path 2, and the infor-
mation acquisition unit 402 may be configured to acquire the
terminal information from the lower terminal device 6 when
receiving the preliminary request. The preliminary request is
defined as a signal which is sent prior to the information
request in order to request only acquisition of the terminal
information. The preliminary request is broadcast to all the
lower superimposing apparatuses 4. In this arrangement,
upon receiving the preliminary request as the trigger, the
information acquisition unit 402 acquires the terminal infor-
mation and temporarily stores the acquired terminal informa-
tion in the buffer unit 407. The information acquisition unit
402 sends the terminal information stored in the buffer unit
407 via the communication unit 403 in response to the sub-
sequent information request.

Alternatively, the information acquisition unit 402 is not
limited to a configuration that the information acquisition unit
402 acquires the terminal information in response to the trig-
ger from another device connected to the transmission path 2.
For example, the lower superimposing apparatus 4 may incor-
porate a clock therein and the information acquisition unit
402 may be configured to acquire the terminal information
when time indicated by the clock is identical to a predeter-
mined time. In other words, in a modification of the commu-
nication system of the present embodiment, the information
acquisition unit 402 is configured to perform a regular acqui-
sition process of acquiring the terminal information from the
first terminal device 6 connected to the first terminal connec-
tion unit 401 at a predetermined time. In this modification, to
synchronize the clocks of the plural lower superimposing
apparatuses 4 with each other, the upper terminal device 5
may be configured to send a synchronizing signal periodi-
cally, for example.

In this situation, when the information request is sent from
the upper superimposing apparatus 3 at the predetermined
time, the lower superimposing apparatus 4 operates in accor-
dance with the flowchart illustrated in FIG. 6.
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When the lower superimposing apparatus 4 receives the
information request directed to the lower terminal device 6
connected to itself from the upper terminal device 5 (S11:
Yes), the lower superimposing apparatus 4 judges whether or
not the acquired terminal information (data) has been already
stored in the buffer unit 407 (S12). When the terminal infor-
mation (data) is not stored in the buffer unit 407 (S12: No), the
information acquisition unit 402 acquires the terminal infor-
mation (data) from the connected lower terminal device 6
(S13), and returns this terminal information (acquired data) to
the upper terminal device 5 via the communication unit 403 as
a response to the information request (S14).

In contrast, until the lower superimposing apparatus 4
receives the information request directed to the lower termi-
nal device 6 connected to itself (S11: No), each time the time
is identical to the predetermined time (515: Yes), the lower
superimposing apparatus 4 acquires the terminal information
from the lower terminal device 6 (516) and stores the acquired
terminal information in the bufter unit 407 (S17). In brief, the
lower superimposing apparatus 4 performs the regular acqui-
sition process. After the lower superimposing apparatus 4
stores the terminal information in the buffer unit 407, when
the lower superimposing apparatus 4 receives the information
request directed to the lower terminal device 6 connected to
itself (S11: Yes), the lower superimposing apparatus 4 returns
the terminal information stored in the buffer unit 407 to the
upper terminal device 5 via the communication unit 403 as a
response to the information request (S18).

Also in this modification, like the above embodiment (the
instance illustrated in FIG. 5), the plural lower superimposing
apparatuses 4 acquire the terminal information of the lower
terminal device 6 at a designated timing (the predetermined
time) simultaneously. Thus, it is possible to reduce a time lag
between the terminal information.

Second Embodiment

As shown in FIG. 7, the communication system of the
present embodiment is different from the communication
system of embodiment 1 in that a plurality of the lower
terminal devices 6 is connected to each of the lower superim-
posing apparatuses 4. In brief, in the communication system
of the present embodiment, a plurality of the first terminal
devices 6 is connected to the first terminal connection unit
401. Further, as shown in FIG. 8, the communication system
of the present embodiment is different from the communica-
tion system of embodiment 1 in that the upper superimposing
apparatus (second superimposing apparatus) 3A includes a
storage unit 307.

In the instance illustrated in FIG. 7, the lower terminal
devices 611, 612, etc. are connected to the lower superimpos-
ing apparatus 41, and the lower terminal devices 621, 622, etc.
are connected to the lower superimposing apparatus 42, and
the lower terminal devices 631, 632, etc. are connected to the
lower superimposing apparatus 43. The plural lower terminal
devices 6 connected to the same lower superimposing appa-
ratus 4 are connected via an extended line in such a manner to
be connected in parallel with the terminal connection unit
401.

In the present embodiment, upon receiving the information
request from the upper superimposing apparatus 3A as the
trigger, the information acquisition unit 402 acquires the ter-
minal information from all the lower terminal devices 6 con-
nected to the terminal connection unit 401 and temporarily
stores the acquired terminal information in the buffer unit
407. In brief, the information acquisition unit 402 is config-
ured to acquire the terminal information from the respective
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first terminal devices 6 connected to the terminal connection
unit 401 at the predetermined timing. In the present embodi-
ment, the information acquisition unit 402 acquires the ter-
minal information in response to the first of the serial infor-
mation requests for requesting return of the terminal
information acquired at the same timing. Hence, the informa-
tion acquisition unit 402 does not acquire the terminal infor-
mation from the same lower terminal device 6 redundantly in
response to the series of the information requests.

When the buffer unit 407 has already stored the terminal
information identical to the terminal information requested
by the information request outputted from the upper terminal
device 5, the lower superimposing apparatus 4 does not newly
acquire the terminal information from the lower terminal
device 6 but sends the stored terminal information to the
upper superimposing apparatus 3A via the communication
unit 403 as a response to the information request.

In the present embodiment, the information acquisition
unit 402 of each of the lower terminal devices 4 outputs one
by one the information request to the plural lower terminal
devices 6 connected to the terminal connection unit 401, and
then acquires the terminal information as a reply of the infor-
mation request. Note that, differently from the second proto-
col communication, a period in which communication
between the lower superimposing apparatus 4 and the lower
terminal device 6 is allowed is not limited to the predeter-
mined superimposable period. Thus, a time difference of
acquisition time of the terminal information by the informa-
tion acquisition unit 402 between the plural lower terminal
devices 6 is negligible. Consequently, there is no significant
time lag between the terminal information acquired from the
plural lower terminal devices 6 by the information acquisition
unit 402.

Further, in the present embodiment, when the lower super-
imposing apparatus 4 returns the terminal information in
response to receiving the information request directed to the
lower terminal device 6 connected to itself from the upper
superimposing apparatus 3A, the lower superimposing appa-
ratus 4 sends the terminal information of all the lower termi-
nal devices 6 preliminarily stored in the buffer unit 407 to the
upper superimposing apparatus 3 via the communication unit
403.

As shown in FIG. 8, the upper superimposing apparatus 3A
includes the storage unit 307 for storing the terminal infor-
mation. The upper superimposing apparatus 3A temporarily
stores in the storage unit 307 the terminal information of the
plural lower terminal devices 6 simultaneously sent from the
lower superimposing apparatus 4. In this situation, the upper
superimposing apparatus 3A returns to the upper terminal
device 5 only the terminal information of the lower terminal
device 6 which is the destination of the information request
outputted by the upper terminal device 5.

In brief, the second superimposing apparatus 3A includes
the storage unit 307 configured to store the terminal informa-
tion received from the first superimposing apparatus 4.

The processing unit 302 is configured to, upon receiving
the information request from the second terminal device 5,
judge whether or not the storage unit 307 has stored the
terminal information corresponding to the first terminal
device 6 represented by the destination information included
in the received information request.

The processing unit 302 is configured to, when the storage
unit 307 has stored the terminal information corresponding to
the first terminal device 6 represented by the destination
information, retrieve the terminal information corresponding
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to the first terminal device 6 represented by the destination
information from the storage unit 307 and send it to the
second terminal device 5.

The processing unit 302 is configured to, when the storage
unit 307 has not yet stored the terminal information corre-
sponding to the first terminal device 6 represented by the
destination information, transmit the information request to
the first superimposing apparatus 4 via the second communi-
cation unit 303. In the present embodiment, the information
acquisition unit 402 transmits the terminal information of all
the first terminal devices 6 connected to the first terminal
connection unit 401 to the upper superimposing apparatus 3.
Therefore, the processing unit 302 is configured to transmit to
the upper terminal device 5 only the terminal information
corresponding to the first terminal device 6 indicated by the
destination information included in the information request
received from the upper terminal device 5 out of the terminal
information received via the second communication unit.

Subsequently, when the storage unit 307 has already stored
the terminal information requested by the information request
outputted from the upper terminal device 5, the upper super-
imposing apparatus 3A does not communicate anew with the
lower superimposing apparatus 4 but outputs the stored ter-
minal information from the storage unit 307 to the upper
terminal device 5 as a reply to the information request. The
terminal information stored in the storage unit 307 is deleted
from the storage unit 307 just after it is returned to the upper
terminal device 5. Note that, it is not always necessary to
delete the terminal information from the storage unit 307.

The following explanation referring to the flowchart illus-
trated in FIG. 9 is made to an operation of the lower super-
imposing apparatus 4 of the present embodiment.

The steps S21 to S30 in the flowchart of FIG. 9 are respec-
tively corresponding to the steps S1 to S10 in the flowchart of
FIG. 5. However, although in the step S6 in FIG. 5 whether or
not the lower superimposing apparatus 4 has already acquired
the terminal information at the same timing from the lower
terminal device 6 is judged, in the step S26 in FIG. 9 whether
or not the lower superimposing apparatus 4 has already
acquired the terminal information at the same timing from all
the lower terminal devices 6 is judged. Further, in the step S7
in FIG. 5, the information acquisition unit 402 modifies the
destination of the information request to the lower terminal
device 6 connected to itself. However, in the step S27 in FIG.
9, the information acquisition unit 402 modifies the destina-
tion of the information request to the lower terminal device 6
from which the information acquisition unit 402 has not yet
acquired the terminal information, out of the plural lower
terminal devices 6. Furthermore, in the steps S25 and S30 in
FIG. 9, the terminal information returned by the communica-
tion unit 403 is replaced by the terminal information of the
respective lower terminal devices 6 connected to the terminal
connection unit 401.

In the instance shown in FIG. 9, when the terminal infor-
mation is returned via the communication unit 403 (S25 and
S30) or when the terminal information acquired by the infor-
mation acquisition unit 402 is stored in the buffer unit 407
(829), the lower superimposing apparatus 4 judges whether
or not the lower superimposing apparatus 4 has received the
terminal information at the same timing from all the lower
terminal devices 6 (S31). When the lower superimposing
apparatus 4 has already acquired the terminal information of
all the lower terminal devices 6 (S31: Yes), the lower super-
imposing apparatus 4 terminates the procedure.

Meanwhile, when the lower superimposing apparatus 4 has
not yet acquired the terminal information of all the lower
terminal devices 6 (S31: No), the lower superimposing appa-
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ratus 4 repeats a process of acquiring the terminal information
from the lower terminal device 6 from which the lower super-
imposing apparatus 4 has not yet acquired the terminal infor-
mation (S32) and storing the acquired terminal information in
the buffer unit 407 (S33), until the lower superimposing appa-
ratus 4 has acquired the terminal information of all the lower
terminal devices 6.

The next explanation referring to the sequence chart illus-
trated in FIG. 10 is made to a specific operation instance of the
communication system of the present embodiment. FIG. 10
shows transfers of information between the upper terminal
device 5, the upper superimposing apparatus 3A, the lower
superimposing apparatus 41, and the lower terminal devices
611, 612, etc. connected to the lower superimposing appara-
tus 41.

When the upper terminal device 5 outputs the information
request (S41) to the lower terminal device 631 connected to
the lower superimposing apparatus 43, the upper superimpos-
ing apparatus 3A also transmits the information request (S42)
to the lower superimposing apparatus 41 via the superim-
posed signal. Upon receiving the information request directed
to the lower terminal device 631, the lower superimposing
apparatus 41 acknowledges the received information request
as the trigger, and outputs the information request to the lower
terminal devices 611, 612, etc. connected to itself, thereby
starting the acquisition of the terminal information (S43 to
S46). However, the lower superimposing apparatus 41 does
not return the received terminal information to the upper
superimposing apparatus 3 immediately but stores the
received terminal information in the buffer unit 407. Conse-
quently, the buffer unit 407 of the lower superimposing appa-
ratus 3 stores the terminal information of the respective lower
terminal devices 611, 612, etc.

Subsequently, when the upper terminal device 5 outputs
the information request (S47) to the lower terminal device
611, the upper superimposing apparatus 3A transmits the
information request (S48) to the lower superimposing appa-
ratus 41 via the superimposed signal. Upon receiving the
information request directed to the lower terminal device 611,
the lower superimposing apparatus 41 returns all the terminal
information stored in the buffer unit 407 to the upper super-
imposing apparatus 3A in response to the received informa-
tion request (S49). In brief, the terminal information of the
respective lower terminal devices 611, 612, etc. is transmitted
to the upper superimposing apparatus 3A.

Upon receiving the terminal information from the lower
superimposing apparatus 41, the upper superimposing appa-
ratus 3A outputs only the terminal information of the lower
terminal device 611 designated as the destination of the infor-
mation request to the upper terminal device 5 (S50), and
stores the remaining terminal information in the storage unit
307. Meanwhile, upon receiving the information request
(S48), the lower superimposing apparatus 41 acknowledges
the received information request as the trigger, and outputs
the information request to the lower terminal devices 611,
612, etc. connected to itself, thereby starting the acquisition
of the terminal information (S51 and S52).

Thereafter, when the upper terminal device 5 outputs the
information request (S53) to the lower terminal device 612,
the upper superimposing apparatus 3 does not anew establish
communication, but returns the terminal information of the
lower terminal device 612 stored in the storage unit to the
upper terminal device 5 (S54).

For example, it is assumed that the two lower terminal
devices 611 and 612 are connected to the lower superimpos-
ing apparatus 41 and the two lower terminal devices 621 and
622 are connected to the lower superimposing apparatus 42
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and the two lower terminal devices 631 and 632 are connected
to the lower superimposing apparatus 43. Further, in an initial
state, the storage unit 307 stores no terminal information, and
the buffer units 407 of the respective lower superimposing
apparatuses 41, 42, and 43 store no terminal information.

Under this assumption, in the collection process, the upper
terminal device 5 transmits the information request (herein-
after, referred to as “first information request”) including the
destination information representing the lower terminal
device 611, the information request (hereinafter, referred to
as “second information request”) including the destination
information representing the lower terminal device 612, the
information request (hereinafter, referred to as “third infor-
mation request”) including the destination information rep-
resenting the lower terminal device 621, the information
request (hereinafter, referred to as “fourth information
request”) including the destination information representing
the lower terminal device 622, the information request (here-
inafter, referred to as “fifth information request™) including
the destination information representing the lower terminal
device 631, and the information request (hereinafter, referred
to as “sixth information request”) including the destination
information representing the lower terminal device 632, at
predetermined time intervals in this order.

Upon receiving the first information request, the upper
superimposing apparatus 3A judges whether or not the stor-
age unit 307 has already stored the terminal information of the
lower terminal device 611. Since the storage unit 307 has not
yet stored any terminal information, the upper superimposing
apparatus 3A transmits the first information request to the
lower superimposing apparatuses 41, 42, and 43 through the
superimposed signal. Upon receiving the first information
request (S21), the respective lower superimposing appara-
tuses 41, 42, and 43 perform the destination judgment process
(S22). The destination information of the first information
request represents the lower terminal device 611. Thus, the
lower superimposing apparatus 41 performs the acquisition
judgment process (S23) and the remaining lower superimpos-
ing apparatuses 42 and 43 perform the reception judgment
process (S26). Since the buffer unit 407 of the lower super-
imposing apparatus 41 has not yet stored the terminal infor-
mation of the lower terminal device 611, the lower superim-
posing apparatus 41 performs the third reply process (S24 and
S25). As a result, the terminal information of the lower ter-
minal device 611 is transmitted to the upper superimposing
apparatus 3 as the superimposed signal. Further, the lower
superimposing apparatus 41 acquires the terminal informa-
tion of the lower terminal devices 612 (S31, S32, and S33).
Thus, the buffer unit 407 stores the terminal information of
the respective two lower terminal devices 611 and 612. Upon
receiving the terminal information of the lower terminal
device 611, the upper superimposing apparatus 3A transmits
the received terminal information of the lower terminal
device 611 to the upper terminal device 5. With regard to the
lower superimposing apparatuses 42 and 43, since the first
information request is the first of the information requests in
the collection process, the respective lower superimposing
apparatuses 42 and 43 collect the terminal information (S27,
S28, 829, S31, S32, and S33). As a result, the buffer unit 407
of the lower superimposing apparatus 42 stores the terminal
information of the respective lower terminal devices 621 and
622, and the buffer unit 407 of the lower superimposing
apparatus 43 stores the terminal information of the respective
lower terminal devices 631 and 632.

Upon receiving the second information request, the upper
superimposing apparatus 3A judges whether or not the stor-
age unit 307 has already stored the terminal information of the
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lower terminal device 612. Since the storage unit 307 has not
yet stored the terminal information of the lower terminal
device 612, the upper superimposing apparatus 3A transmits
the second information request to the lower superimposing
apparatuses 41, 42, and 43 through the superimposed signal.
Upon receiving the second information request (S21), the
respective lower superimposing apparatuses 41, 42, and 43
perform the destination judgment process (S22). The desti-
nation information of the second information request repre-
sents the lower terminal device 612. Thus, the lower super-
imposing apparatus 41 performs the acquisition judgment
process (S23) and the remaining lower superimposing appa-
ratuses 42 and 43 perform the reception judgment process
(S26). Since the buffer unit 407 of the lower superimposing
apparatus 41 has already stored the terminal information of
the lower terminal device 612, the lower superimposing appa-
ratus 41 performs the second reply process (S30). As a result,
the terminal information of the lower terminal device 612 is
transmitted to the upper superimposing apparatus 3A
together with the terminal information of the lower terminal
device 611 by use of the superimposed signal. Upon receiving
the terminal information of the respective lower terminal
devices 611 and 612, the upper superimposing apparatus 3A
transmits only the terminal information of the lower terminal
device 612 corresponding to the destination information of
the second information request to the upper terminal device 5.
With regard to the lower superimposing apparatuses 42 and
43, since the second information request is the second of the
information requests in the collection process, the respective
lower superimposing apparatuses 42 and 43 terminate the
procedures.

Upon receiving the third information request, the upper
superimposing apparatus 3A judges whether or not the stor-
age unit 307 has already stored the terminal information of the
lower terminal device 621. Since the storage unit 307 has not
yet stored the terminal information of the lower terminal
device 621, the upper superimposing apparatus 3A transmits
the third information request to the lower superimposing
apparatuses 41, 42, and 43 through the superimposed signal.
Upon receiving the third information request (S21), the
respective lower superimposing apparatuses 41, 42, and 43
perform the destination judgment process (S22). The desti-
nation information of the third information request represents
the lower terminal device 621. Thus, the lower superimposing
apparatus 42 performs the acquisition judgment process
(S23) and the remaining lower superimposing apparatuses 41
and 43 perform the reception judgment process (S26). Since
the buffer unit 407 of the lower superimposing apparatus 42
has already stored the terminal information of the lower ter-
minal device 621, the lower superimposing apparatus 42 per-
forms the second reply process (S30). As a result, the terminal
information of the lower terminal device 621 is transmitted to
the upper superimposing apparatus 3A together with the ter-
minal information of the lower terminal device 622 by use of
the superimposed signal. Upon receiving the terminal infor-
mation of the respective lower terminal devices 621 and 622,
the upper superimposing apparatus 3A transmits only the
terminal information of the lower terminal device 621 corre-
sponding to the destination information of the third informa-
tion request to the upper terminal device 5. Further, the stor-
age unit 307 stores the terminal information of the lower
terminal device 622. With regard to the lower superimposing
apparatuses 41 and 43, since the third information request is
the third of the information requests in the collection process,
the respective lower superimposing apparatuses 41 and 43
terminate the procedures.
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Upon receiving the fourth information request, the upper
superimposing apparatus 3A judges whether or not the stor-
age unit 307 has already stored the terminal information of the
lower terminal device 622. Since the storage unit 307 has
already stored the terminal information of the lower terminal
device 622, the upper superimposing apparatus 3A transmits
the terminal information of the lower terminal device 622 to
the upper terminal device 5 and then terminates the proce-
dure. Consequently, the fourth request is not transmitted to
the lower superimposing apparatuses 41, 42, and 43.

Upon receiving the fifth information request, the upper
superimposing apparatus 3A judges whether or not the stor-
age unit 307 has already stored the terminal information of the
lower terminal device 631. Since the storage unit 307 has not
yet stored the terminal information of the lower terminal
device 631, the upper superimposing apparatus 3A transmits
the fifth information request to the lower superimposing
apparatuses 41, 42, and 43 through the superimposed signal.
Upon receiving the fifth information request (S21), the
respective lower superimposing apparatuses 41, 42, and 43
perform the destination judgment process (S22). The desti-
nation information of the fifth information request represents
the lower terminal device 631. Thus, the lower superimposing
apparatus 43 performs the acquisition judgment process
(S23) and the remaining lower superimposing apparatuses 41
and 42 perform the reception judgment process (S26). Since
the buffer unit 407 of the lower superimposing apparatus 43
has already stored the terminal information of the lower ter-
minal device 631, the lower superimposing apparatus 43 per-
forms the second reply process (S30). As aresult, the terminal
information of the lower terminal device 631 is transmitted to
the upper superimposing apparatus 3A together with the ter-
minal information of the lower terminal device 632 by use of
the superimposed signal. Upon receiving the terminal infor-
mation of the respective lower terminal devices 631 and 632,
the upper superimposing apparatus 3A transmits only the
terminal information of the lower terminal device 631 corre-
sponding to the destination information of the fifth informa-
tion request to the upper terminal device 5. Further, the stor-
age unit 307 stores the terminal information of the lower
terminal device 632. With regard to the lower superimposing
apparatuses 41 and 42, since the fifth information request is
the fifth of the information requests in the collection process,
the respective lower superimposing apparatuses 41 and 42
terminate the procedures.

Upon receiving the sixth information request, the upper
superimposing apparatus 3A judges whether or not the stor-
age unit 307 has already stored the terminal information of the
lower terminal device 632. Since the storage unit 307 has
already stored the terminal information of the lower terminal
device 632, the upper superimposing apparatus 3A transmits
the terminal information of the lower terminal device 632 to
the upper terminal device 5 and then terminates the proce-
dure. Consequently, the sixth request is not transmitted to the
lower superimposing apparatuses 41, 42, and 43.

In this manner, the upper terminal device 5 obtains the
terminal information of the respective lower terminal devices
611,612,621, 622, 631, and 632 by performing the collection
process.

In the aforementioned communication system of the
present embodiment, a plurality of the terminal devices 6 is
connected to a single lower superimposing apparatus 4. The
information acquisition unit 402 acquires the terminal infor-
mation from all the terminal devices 6 connected to the ter-
minal connection unit 401 at a designated timing and stores
the acquired terminal information in the buffer unit 407.
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In other words, in the communication system of the present
embodiment, the first terminal connection unit 401 is con-
nected to a plurality of the first terminal devices 6. The infor-
mation acquisition unit 402 is configured to acquire the ter-
minal information from the respective first terminal devices 6
connected to the first terminal connection unit 401 at the
predetermined timing.

According to the communication system of the present
embodiment as explained above, also with regard to the plural
lower terminal devices 6 connected to the terminal connec-
tion unit 401, the information acquisition unit 402 acquires
the terminal information from all the lower terminal devices 6
at the designated timing and stores the acquired terminal
information in the buffer unit 407. Therefore, in contrast to a
configuration where each time the lower superimposing
apparatus 4 receives one of the information requests respec-
tively directed to the plural lower terminal devices connected
to the terminal connection unit 401 the lower superimposing
apparatus 4 acquires the terminal information from only one
terminal device corresponding to the received information
request, it is possible to reduce a time lag between the termi-
nal information of the plural lower terminal devices 6.

Further, in the communication system of the present
embodiment, upon receiving the information request from the
upper superimposing apparatus 3, the lower superimposing
apparatus 4 returns, via the communication unit 403, the
terminal information acquired from all the terminal devices 6
connected to the terminal connection unit 401. The upper
superimposing apparatus 3 includes the storage unit 307 con-
figured to store the terminal information returned by the lower
superimposing apparatus 4. The upper superimposing appa-
ratus 3 outputs the terminal information of the terminal device
6 designated as the destination of the information request, to
the terminal device (upper terminal device) 5 serving as a
receiver of the terminal information, from the storage unit
307.

In other words, in the communication system of the present
embodiment, the information request includes the destination
information indicative of the first terminal device 6 which the
second terminal device 5 requests to provide the terminal
information. The information acquisition unit 402 is config-
ured to, upon receiving the information request from the
second superimposing apparatus 3 via the first communica-
tion unit 403, retrieve the terminal information of the respec-
tive first terminal devices 6 from the buffer unit 407 and send
the retrieved terminal information to the second superimpos-
ing apparatus 3 via the first communication unit 403. The
second superimposing apparatus 3 is configured to, upon
receiving the terminal information from the first superimpos-
ing apparatus 4, store the received terminal information
therein and select the terminal information corresponding to
the first terminal device 6 indicated by the destination infor-
mation included in the information request from the stored
terminal information, and send the selected terminal informa-
tion to the second terminal device.

As mentioned in the above, in response to the information
request from the upper superimposing apparatus 3, the lower
superimposing device 4 simultaneously returns the terminal
information of the plurality of the lower terminal devices 6
connected to the terminal connection unit 401. Once the
upper superimposing apparatus 3 receives the terminal infor-
mation from the lower superimposing device 4 collectively,
even if the upper superimposing device 3 receives the infor-
mation request requesting the terminal information which the
upper superimposing device 3 has already acquired, the upper
superimposing device 3 does not anew communicate with the
lower superimposing device 4 but can return the terminal
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information to the lower terminal device 5. Hence, the com-
munication system of the present embodiment has advan-
tages in that it is possible to reduce the number of communi-
cation between the upper superimposing apparatus 3 and the
lower superimposing apparatus 4 and to shorten response
time starting at the time when the upper superimposing appa-
ratus 3 outputs the information request and ending at the time
when the terminal information is returned.

The other configurations and functions of the second
embodiment are the same as those of the first embodiment.

Note that, with regard to each embodiment, the upper
superimposing apparatus 3 and the lower superimposing
apparatus 4 are explained as mutually different apparatuses.
However, a superimposing apparatus used as the lower super-
imposing apparatus 4 may be configured to also function as
the upper superimposing apparatus 3. In this arrangement, the
superimposing apparatus is configured to be arbitrarily
switched between a function of the upper superimposing
apparatus 3 and a function of the lower superimposing appa-
ratus 4 by use of such as a dip switch.

The invention claimed is:

1. A communication system comprising:

a plurality of first terminal devices, each of the first termi-
nal devices being connected to a transmission path and
having predetermined terminal information;

a second terminal device connected to the transmission
path and configured to send an information request for
requesting the first terminal device to provide the termi-
nal information thereof;

a first superimposing apparatus interposed between the
first terminal device and the transmission path; and

a second superimposing apparatus interposed between the
second terminal device and the transmission path and
configured to receive the information request from the
second terminal device and to communicate with the
first superimposing apparatus,

wherein

the transmission path is used for transmission of a trans-
mission signal, and

the first superimposing apparatus comprises:

a terminal connector used for making connection with the
first terminal device;

a communicator connected to the transmission path and
configured to communicate with the second superim-
posing apparatus by use of the superimposed signal
superimposed on the transmission signal in an available
period in which the transmission path is available;

an information acquirer configured to acquire the terminal
information from the first terminal device connected to
the terminal connector at a predetermined timing; and

a buffer configured to store therein the terminal informa-
tion acquired by the information acquirer, and

the second superimposing apparatus is configured to, upon
receiving the information request from the second ter-
minal device, send the information request to the first
superimposing apparatus using the superimposing sig-
nal in the available period, and

the information acquirer is configured to, upon receiving
the information request from the second superimposing
apparatus via the communicator, retrieve the terminal
information from the buffer and send the retrieved ter-
minal information to the second superimposing appara-
tus via the communicator, and

the second superimposing apparatus is configured to, upon
receiving the terminal information, provide the received
terminal information to the second terminal device.
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2. The communication system as set forth in claim 1,

wherein

the predetermined timing is determined by a trigger
received by the communicator via the transmission path.
3. The communication system as set forth in claim 2,

wherein

the trigger is the information request.
4. The communication system as set forth in claim 3,

wherein

the communication system further comprises a plurality of
the first superimposing apparatuses;

the information request includes destination information
indicative of the first terminal device which the second
terminal device requests to provide the terminal infor-
mation, and

the information acquirer is configured to perform a desti-
nation judgment process, an acquisition judgment pro-
cess, a first reply process, a second reply process, and a
third reply process, and

the information acquirer is configured to, upon receiving
the information request from the second superimposing
apparatus via the communicator, perform the destination
judgment process, and

the information acquirer is configured to, in the destination
judgment process, judge whether or not the first terminal
device indicated by the destination information is iden-
tical to the first terminal device connected to the terminal
connector, and

the information acquirer is configured to, upon concluding
that the first terminal device indicated by the destination
information is identical to the first terminal device con-
nected to the terminal connector through the destination
judgment process, perform the acquisition judgment
process, and to, upon concluding that the first terminal
device indicated by the destination information is not
identical to the first terminal device connected to the
terminal connector through the destination judgment
process, perform the first reply process, and

the information acquirer is configured to, in the first reply
process, acquire the terminal information from the first
terminal device connected to the terminal connector, and

the information acquirer is configured to, in the acquisition
judgment process, judge whether or not the terminal
information of the first terminal device indicated by the
destination information is stored in the buffer, and

the information acquirer is configured to, upon concluding
that the terminal information of the first terminal device
indicated by the destination information is stored in the
buffer through the acquisition judgment process, per-
form the second reply process, and to, upon concluding
that the terminal information of the first terminal device
indicated by the destination information is not stored in
the buffer through the acquisition judgment process,
perform the third reply process, and

the information acquirer is configured to, in the second
reply process, retrieve the terminal information of the
first terminal device indicated by the destination infor-
mation from the buffer and send the retrieved terminal
information to the second superimposing apparatus via
the communicator, and

the information acquirer is configured to, in the third reply
process, acquire the terminal information from the first
terminal device connected to the terminal connector, and
send the acquired terminal information to the second
superimposing apparatus via the communicator.
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5. The communication system as set forth in claim 1,
wherein

the second terminal device is configured to perform a col-
lection process of sending in turn the information
request to the first terminal devices, and

the information request sent in the collection process
includes identification information commonly assigned,
and

the information acquirer is configured to perform a recep-
tion judgment process of judging whether or not the
information acquirer has already received the informa-
tion request including the identification information
identical to the identification information included in the
currently received information request, and

the information acquirer is configured to, upon concluding
that the information acquirer has already received the
information request including the same identification
information as the currently received information
request through the reception judgment process, not per-
form the first reply process, and to, upon concluding that
the information acquirer has not yet received the infor-
mation request including the same identification infor-
mation as the currently received information request
through the reception judgment process, perform the
first reply process.

6. The communication system as set forth in claim 1,

wherein

the terminal connector is connected to a plurality of the first
terminal devices, and

the information acquirer is configured to acquire the ter-
minal information from the respective first terminal
devices connected to the terminal connector at the pre-
determined timing.
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7. The communication system as set forth in claim 6,
wherein

the information request includes destination information
indicative of the first terminal device which the second
terminal device requests to provide the terminal infor-
mation, and

the information acquirer is configured to, upon receiving
the information request from the second superimposing
apparatus via the communicator, retrieve the terminal
information of the respective first terminal devices from
the buffer and send the retrieved terminal information to
the second superimposing apparatus via the communi-
cator, and

the second superimposing apparatus is configured to, upon
receiving the terminal information from the first super-
imposing apparatus, store the received terminal infor-
mation therein and select the terminal information cor-
responding to the first terminal device indicated by the
destination information included in the information
request from the stored terminal information, and send
the selected terminal information to the second terminal
device.

8. The communication system as set forth in claim 1,

wherein

the transmission path is used for transmission of the trans-
mission signal based on a communication protocol dif-
ferent from a communication protocol between the first
superimposing apparatus and the second superimposing
apparatus, and

the available period is defined as a period in which a super-
imposed signal is allowed to be superimposed on the
transmission signal.
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